A system of customized spatial light modulators has been installed onto the front end of the laser system at the National Ignition Facility (NIF). The devices are capable of shaping the beam profile at a low-fluence relay plane upstream of the amplifier chain. Their primary function is to introduce "blocker" obscurations at programmed locations within the beam profile. These obscurations are positioned to shadow small, isolated flaws on downstream optical components that might otherwise limit the system operating energy. The modulators were designed to enable a drop-in retrofit of each of the 48 existing Pre Amplifier Modules (PAMs) without compromising their original performance specifications. This was accomplished by use of transmissive Optically Addressable Light Valves (OALV) based on a Bismuth Silicon Oxide photoconductive layer in series with a twisted nematic liquid crystal (LC) layer. These Programmable Spatial Shaper packages in combination with a flaw inspection system and optic registration strategy have provided a robust approach for extending the operational lifetime of high fluence laser optics on NIF.
INTRODUCTION
The laser system at the NIF consists of 192 beamlines providing 1.8 Megajoules of laser energy for driving inertial confinement fusion reactions. The end of the laser chain requires large-aperture optics capable of withstanding high fluence operation at ultraviolet (UV) wavelengths. 1 In the past decade, work associated with the construction and commissioning of the laser system has led to major advances in the manufacturing and processing of high damage threshold UV optics. 2 While the number of damage-relevant flaws on these optics is very low, it is not yet zero, and the few flaws that remain can initiate damage with the potential to grow in size on subsequent high fluence laser shots. The ability to temporarily shadow, or "block" these few isolated sites from high fluence laser pulses enhances operational flexibility by enabling uninterrupted use of the facility at near peak laser performance until such time as the optic can be removed, repaired offline either through recycling or refinishing, and replaced.
As illustrated in Figure 1 , the obscurations that produce the shadows, referred to as "blockers" are introduced in the low fluence, infrared region of the laser upstream of the NIF main amplifier chain. By imaging and aligning the shadows of the blockers onto flaws in the final UV optics, the flaws are protected at the expense of a modest loss of beam area. Unfortunately, commercial spatial light modulators did not provide a viable solution that met all the requirements for this system. Moreover, there was a strong desire to engineer a transmissive device that would enable a straightforward drop-in retrofit to an existing system of 48 PAMs. Most commercial spatial light modulators are reflective owing to pixel addressing on a silicon backplane and would have required additional complexity (new beampath routing and relay telescopes) to add an extra reflective relay image plane. The project thus adopted transmissive Optically Addressable Light Valve (OALV) technology. 3, 4 This method leverages incoherent, pixelated display technology to define incoherent images on an auxiliary beam, but eliminates many artifacts associated with modulating coherent beams through use of a custom, single-pixel anti-reflection coated LC modulator. The design of the device and its detailed operation were described in a previous conference proceedings but are again reviewed here. 
OPTICALLY ADDRESSABLE LIGHT VALVE (OALV) DEVICE DESCRIPTION
The beam shaping hardware consists of two stages. In the first stage, a bitmapped image is written onto an auxiliary incoherent address beam derived from a 470 nm LED source. The image can be written using any of a number of commercially available projection display technologies such as a standard 1920 x 1080 pixel Liquid Crystal on Silicon (LCoS) modulator as found on rear projection television displays. The address beam carrying the image is then projected upon the OALV which consists of a large, single pixel twisted nematic liquid crystal cell in series with a layer of photoconductive Bismuth Silicon Oxide (BSO). While the single pixel is biased with a common voltage applied to Indium Tin Oxide (ITO) coatings across its entire aperture, the photoconductive layer enables the intensity of the (above bandgap) address beam to locally control the voltage supplied to the liquid crystal layer which in turn modulates the polarization of the coherent beam at 1053 nm. A downstream polarizer enables the polarization modulation to be manifested as an amplitude modulation. As a result, this second stage imprints the incoherent pattern onto the coherent laser beam in a manner that naturally yields smooth apodized patterns free from spurious pixelization artifacts. Valves as large as 24 mm x 36 mm were custom designed and fabricated with low wavefront distortion and antireflection coatings enabling both high transmission and etalon suppression to avoid spectral and temporal ripple. 
SYSTEM PERFORMANCE & RELIABILTY
The clear aperture of the OALV accommodates a NIF front end square beam profile (18 mm × 18 mm). At its installed, upstream location, the beam fluence is less than 5 mJ/cm 2 . Downstream, the beam is magnified and further amplified until it is 372 mm x 372 mm operating at 1ω (1053 nm) fluences up to 16 J/cm 2 and 3ω (351 nm) fluences up to 8 J/cm 2 . Using this technique, we are able to realize arbitrarily defined masks with smooth shapes, high transmission (> 90%), low wavefront distortion (< 0.5 waves), and without spectral distortions. The achievable extinction is a tradeoff with transmission. Figure 3 quantifies this tradeoff as a function of address intensity. Blocker diameters and edge profiles were carefully chosen as a tradeoff between maintaining usable beam area and minimizing diffraction ripples at edges that can intensify and lead to damage. Propagation studies suggest that the blocker holes can be made only as small as 1 mm at the OALV (2 cm on the magnified beam downstream) before edge diffraction coupled with Kerr nonlinear effects introduce significant modulation on the beam particularly at the second lens (SF4) of the transport spatial filter.
6 Figure 4 demonstrates the ability of the system to create blockers with these shape requirements. Prior to activating the system, we conducted lifetime studies of the OALVs and found that they were susceptible to a degradation (darkening) of the transmission response. The degradation mechanism is believed to be due to migratory impurity ions that screen the electric field in the LC layer requiring higher voltages to achieve the same transmission response. Because the degradation can be spatially nonuniform and nonstationary due to drifting/diffusing impurities, it is not possible to correct simply by increasing the address beam intensity or bias voltage. This type of LC degradation is well-known to be increasingly problematic at low bias frequencies. 7 High bias frequencies pose a separate problem in that the fraction of the voltage transferred to the LC layer decreases due to changes in the relative capacitive impedance between it and the BSO layer with increasing frequency. This both increases the voltage requirements and degrades the off-state extinction. A compromise was found at a convenient multiple of the NIF master clock (96 Hz) that achieved adequate voltage transfer efficiency and extinction while ensuring lifetimes projected to last the intended operability of NIF. Figure 5 depicts this tradeoff as a function of AC bias frequency. 
CONCLUSION
Continuing advances in high damage resistant optics will result in lower operational costs for the National Ignition Facility. Nevertheless, it may not be cost-effective to eliminate every isolated flaw susceptible to laser-induced damage growth. In order to decrease maintenance costs and increase system reliability and flexibility, a recently installed system of programmable spatial shapers has added the capability of introducing blocker obscurations on demand to protect a small number of residual flaws should they occur.
